ABSTRACT: On Georges Bank, 2 areas that had been closed to sea scallop fishing since 1994 were opened for a limited harvest from August 2000 to February 2001. The effects of this limited short-term fishery on the epibenthic community were examined using a 'before/after, control/impact' environmental design conducted with video surveys. A centric systematic survey with 1379 stations placed on a 1.57 km grid, with 4 video quadrats collected at each station (3.235 m 2 per quadrat equaling 17 789 m 2 total sample area), was completed in 2 control and 2 impact areas before and after the fishery. The sea scallops Placopecten magellanicus and starfishes (primarily Asterias vulgaris) comprised more than 84% of the fauna. Changes in the number of taxonomic categories and the density of individuals within each category in the areas impacted by the fishery were similar to changes in the control areas that remained closed to fishing. Further, sediment composition shifted between surveys more than epibenthic faunal composition, suggesting that this community is adapted to a dynamic environment. The limited short-term sea scallop fishery on Georges Bank appeared to alter the epibenthic community less than the natural dynamic environmental conditions.
INTRODUCTION
The sea scallops Placopecten magellanicus support the second largest fishery in the NE United States and are managed as 2 stocks, Georges Bank and the Mid-Atlantic , Stokesbury et al. 2004 . To harvest sea scallops in these areas, fishing vessels (25 to 30 m long) usually deploy 2 New Bedford offshore dredges (Bourne 1964 , Caddy 1989 ) (present study Fig. 1 ).
Scallop dredging may impact the benthic community by reducing densities and shifting spatial distribution of macrofaunal populations (Langton et al. 1987 , Langton & Robinson 1990 , Kenchington 2000 , Bradshaw et al. 2002 , by removing colonial epifauna and reducing habitat complexity , Auster et al. 1996 , Collie et al. 1997 , Collie & Escanero 2000 , Hall-Spencer & Moore 2000 , and by redistributing grain size of sediments and increasing silt in the water column (Caddy 1989 , Mayer et al. 1991 , Grant 2000 , MacDonald 2000 . Unfortunately, many studies do not assess disturbances caused by scallop dredging against a background of natural disturbance that occurs over time (Kaiser et al. 1996 , Jennings & Kaiser 1998 , Watling & Norse 1998 , Auster & Langton 1999 ). This is difficult and expensive to do, and as a consequence dredge-impact studies are often hampered by the lack of proper environmental-impact assessment and appropriate monitoring , Jennings & Kaiser 1998 .
Because of proposed disturbances caused by scallop dredging and fish trawling, 3 areas on Georges Bank containing approximately 7000 km 2 of sea scallop grounds that had been fished since the 1800s were closed to mobile fishing gear in 1994 ) (see present Fig. 2 ). By 1999, densities of sea scallops within these areas had increased to the highest ever recorded, and continue to increase (Stokesbury 2002 , Stokesbury et al. 2004 . As a result, portions of these areas were opened for a single limited sea scallop fishery from 1999 to 2001.
We examined the impact of the limited short-term sea scallop fishery on the epibenthic community of Georges Bank closed areas by conducting a largescale before/after, control/impact (BACI) study (Green 1979 , Stewart-Oaten et al. 1986 , Krebs 1989 , Underwood 1994 . The epibenthic community is the group of organisms belonging to a number of different species that co-occur in a habitat and interact spatially and possibly trophically (Putman 1994) . The null hypothesis was that changes in the number of taxonomic categories and the density of individuals within each category in the areas impacted by the fishery were similar to changes in the control areas that remained closed to fishing. We examined shifts in the epibenthic community by determining similarity indices, taxonomic category diversity, and the number of individuals within each category, within each area.
MATERIALS AND METHODS
The BACI study consisted of 2 experiments, each containing an impact area exposed to fishing and an undisturbed control area (Table 1, Fig. 2 ). The BACI design assumes that the control and impact areas have similar epibenthic communities and environmental conditions, and that these communities will change over time in the same fashion, except for any disturbances caused by scallop dredging in the impact areas.
In Expt I, the northern portion of Closed Area II (CAII) was used as the control area and the Nantucket Lightship Closed Area (NLCA) as the impact area (Fig. 2) . The northern portion of CAII is the only location on Georges Bank that has been closed to all mobile fishing since 1994, and has similar scallop densities, substrate and current structure to the NLCA. The mean water depths were 52 m (SD = 9.5) and 66 m (SD = 9.1) in the control and impact areas, respectively. Both areas had mid-water tidal currents with maximum averages of about 60 cm s -1 (Brown & Moody 1987) . Sand and granule/pebbles made up 74 and 89% of the sediment , representing 183 and 180 million scallops (> 60 mm shell height) in the control and impact areas, respectively (Stokesbury 2002) . Although these areas are separated by about 200 km, they may be linked by transport of larval fishes and invertebrates due to the circulation patterns of Georges Bank (Tremblay et al. 1994) .
Expt II was conducted in the central portion of Closed Area I (CAI), which was divided into the southern control area (CAIS) and the northern impact area (CAIN) (Fig. 2) . The mean water depths were 61 m (SD = 4.2) and 70 m (SD = 9.7) in the control and impact areas, respectively. Both areas had mid-water tidal currents with maximum averages of about 45 cm s -1 (Brown & Moody 1987) . Sand and granule/pebbles made up 86 and 99% of the sediment composition in the control and impact areas, respectively. The scallop aggregations covered 67 and 163 km 2 of sea floor with mean densities of 0.60 (SE = 0.181) and 0.30 (SE = 0.061) sea scallops m -2 , representing 70 and 69 million scallops (> 60 mm shell height) in the control and impact areas, respectively (Stokesbury 2002) .
Each area was surveyed at least once before and after the limited short-term sea scallop fishery (Table 1 ). All areas were surveyed in the summer of 1999. During the summer of 2000, just prior to the scallop harvest, the impact area of Expt I (NLCA) and both areas of Expt II were video surveyed. The impact area of Expt I (NLCA) was also video surveyed again 2 d after the fishery ended and the control and impact areas were surveyed a final time in July 2001. The control and impact areas of Expt II were video surveyed 4 mo after the fishery ended in June 2001.
A video survey pyramid deployed in a centric systematic sampling design with stations positioned on a 1.57 km grid, with 4 quadrats sampled at each station, was used to survey all areas. The precision of this survey design ranged from 5 to 15% for the normal and negative binomial distributions, respectively, based on the density of sea scallops in the Nantucket Lightship area in 1999 (Stokesbury 2002) .
The sampling pyramid was deployed from scallop fishing vessels (Stokesbury 2002 , Stokesbury et al. 2004 (Fig. 3) . A camera was mounted vertically on the pyramid so that once the pyramid rested on the sea floor the camera height was 1575 mm, providing a 2.841 m 2 quadrat. All fishes and macroinverebrates were counted, including those only partially visible along the edge of the quadrat image. To correct for this edge effect, 56 mm (based on half the average shell height of the scallops observed) were added to each edge of the quadrat image, providing a quadrat size of 3.235 m 2 (Stokesbury 2002 , Stokesbury et al. 2004 ). Collecting 4 quadrats at each station increased the sample area to 12.94 m 2 . Fish may be attracted or repelled by light, and this may have affected the numbers we observed. However, as the sample pyramid approached the sea floor, the area illuminated by our lights expanded in all directions and this appeared to confuse many fishes. Most remained still, particularly those using concealment as a means of escaping predators, for example flounder and skates. Once the pyramid landed, if the fishes were within the quadrat area, they hesitated to swim over the cross bar of the pyramid's base, allowing clear identification (Fig. 4) .
A monitor and VHS video recorder for the camera, a monitor for the captain controlling the vessel's hydraulic winches to deploy the pyramid, a laptop computer with Arcpad GIS ® software integrated with a differential global positioning system and Wide Area Augmentation System (WAAS) receiver, and a laptop computer for data entry were assembled in the wheelhouse. The survey grid was plotted prior to each cruise in Arcpad GIS ® ; 2 scientists, the captain, mate and 1 deck-hand were able to survey about 100 stations every 24 h. Video footage of the sea floor was recorded on VHS tapes. For each quadrat, the time, depth, latitude and longitude were recorded. After each survey the videotapes were reviewed in the laboratory and a still image of each quadrat was digitized and saved using Image Pro Plus ® software (TIF file format) (Fig. 4) . Within each quadrat, fishes and epifaunal macroinvertebrates were counted a second time for quality control and the substrate was identified (Stokesbury 2002 , Stokesbury et al. 2004 . When possible, fishes and macroinvertebrates, to a minimum size of about 40 mm, were identified to species, and animals were grouped into categories based on taxonomic order (Table 2 ). Grouping species into higher taxonomic categories increases the power of the statistical analysis, enhancing the detection of anthroprogenic change (Veale et al. 2000) . Unidentified fishes were grouped as 'other fish.' Counts were standardized to individuals m -2 . For colonial organisms such as sponges, hydrozoans/bryozoans, and sand dollars, which tend to occur in large aggregations, individual counts were difficult or impossible. Therefore, if at least 1 organism of a category was observed, the quadrat was given a value of 1 for this category; however, this differed for the presence/ absence data, as the quadrat did not comprise the total sample for each station.
Sediments were visually identified using texture, color, relief and structure in the video images, roughly following the Wentworth particle-grade scale, where sand = 0.0625 to 2.0 mm, gravel = 2.0 to 256.0 mm and boulders are > 256.0 mm (Lincoln et al. 1992) . Gravel was divided into 2 categories, granule/pebble = 2.0 to 64.0 mm and cobble = 64.0 to 256.0 mm (Lincoln et al. 1992) . Shell debris was also identified, but was included with sand as these substrates were often observed together. Quadrats were categorized by the presence of the largest type of particle. Therefore, a quadrat identified as sand contained only sand, but a quadrat with 80 sand and 20% granule/pebbles was classified as granule/ pebbles (Stokesbury 2002 ) (present Fig. 4) .
Mean densities and standard errors of fishes and macroinvertebrates were calculated using equations for a 2-stage sampling design (Cochran 1977) , whereby the mean of the total sample is (1) where n = primary sample units (stations), x i = sample mean per element (quadrat) in primary unit i (stations) and = x = the mean over the 2 stages. The standard error of this mean is (2) where variance among primary unit (stations) means. As the sampling fractions were small (hundreds of scallops sampled compared to millions of scallops in the area) the finite population corrections were omitted, simplifying the estimation of the standard error (Cochran 1977) . The 95% confidence intervals were calculated using -
The percent similarity index quantified the differences between benthic communities by comparing the number of taxonomic category present and their relative proportions between areas before and after fishing (Krebs 1989) . Each category was standardized as a percentage of the total categories observed. The minimum value was selected for each category (Say, 1822) Northern moonsnail Mercenaria mercenaria (Linnaeus, 1758) Northern quahog Modiolus modiolus (Linnaeus, 1758) Northern horse mussel Ensis directus Conrad, 1843 Atlantic jackknife Placopecten magellanicus (Gmelin, 1791) Sea scallops from the 2 samples and the values were summed so that 100% indicated identical samples. This quantitative similarity coefficient of community structure is robust to sample size and species diversity (Krebs 1989) . The counts of fishes and macroinvertebrates in each area were tested for normality and homogeneity of variance; as most of the data sets failed these tests, a log (x + 1) transformation was applied before further analysis (Green 1979 , Zar 1996 . The optimal BACI design uses a 2-way analysis of variance (2-way ANOVA) where the interaction between site and time is used to statistically detect an impact. However, the 2-way ANOVA is only reliable if densities in the control and impact areas are equal. This is rarely the case in marine field studies, and the statistics involved to deal with inequality are complex and controversial (for example see Black & Miller [1991 and Rangeley [1994] ). Several researchers have suggested using only graphs and tables to indicate environmental impacts, while others recommend statistical tests which are usually limited to Student's t-tests and 1-way ANOVAs (Green 1979 , StewartOaten et al. 1986 , Underwood 1994 . Although densities and substrates in our experimental areas were similar they were not equal, and this hampered the use of 2-way ANOVAs. Therefore, we graphed the observed densities to see if there were shifts that suggested impacts from fishing. We used 1-way ANOVAs to test the significance of shifts in mean individuals m -2 within each taxonomic category between surveys for each area. Shifts in sediment composition were compared using chi-squared tests.
RESULTS

Expt I
Before vs. after: control area (September 1999 vs. July 2001)
We observed 10 categories of fishes and macroinvertebrates in the control area in 1999, and 13 in 2001 (Table 3) Table 4 ). Bryozoans/ hydrozoans, hermit crabs and sponges increased in density (Fig. 5 & 6 , Table 4 ). The similarity index for all categories was 83.8% (Table 3) .
The sediment composition differed significantly between 1999 and 2001 (χ 2 = 24.3, df = 3, p = < 0.001, power 0.050:0.995). Granule/pebble substrate increased from 55.2 to 67.5%, cobble decreased from 22.2 to 11.3%, and sand/shell debris and boulders remained the same (Fig. 7) . The sediment composition percent similarity index was 87.4%. Approximately 8.5% of the sea scallops in the impact area were harvested between 15 August and 14 October 2000 (Table 1 ). In 1999, 11 categories of fishes and macroinvertebrates were observed in the impact area while 14 were observed in 2001 (Table 3) Table 4 ). Density of bryozoans/hydrozoans and other fishes significantly increased, while that of sculpins and sponges decreased (Figs. 5 & 6, Table 3 ). The similarity index for all categories was 86.4% (Table 3) .
The sediment composition differed significantly (χ 2 = 100.9, df = 3, p = < 0.001, power 0.050:1.000). Sand/ shell debris increased from 51.9 to 74.4%, granule/ pebble substrate decreased from 36.9 to 20.4%, cobble decreased from 8.1 to 1.0%, and boulders remained the same (Fig. 7) . The sediment composition percent similarity index was 76.4%. 
Temporal variations
Because of prohibitively bad weather in late autumn 2000, we were unable to sample the control area; therefore we had to use the 2001 survey to fulfill the BACI design. Short-term fishing impacts may not have been detected. However, we were able to survey the impact area just prior to and just after the fishery, providing information on the short term shifts in faunal densities and sediment composition (Table 1) The number of fishes and macroinvertebrate categories increased from 11 to 13 from the 1999 to the 2000 surveys (Table 3) , with the sea scallop and starfishes comprising 87.7 and 84.2% of all individuals, respectively. Numbers of starfishes, bryozoans/hydrozoans and sponges significantly decreased, while those of skates, haddock, 'other fish' and crabs signifi- Table 5 ). The similarity index for all categories was 76.6%, the lowest value measured for any of the areas surveyed (Table 3) . The sediment composition differed significantly (χ 2 = 200.8, df = 3, p = < 0.001, power 0.050:1.000). Sand/ shell debris increased from 51.9 to 86.6%, while granule/pebble substrate decreased from 36.9 to 10.2% and cobble from 8.1 to 1.6% (Fig. 7) . The sediment composition percent similarity index was 65.3%, the lowest value observed for any area.
Before vs. after: impact area (August 2000 vs. October 2000)
This area was surveyed immediately before and after the limited short-term fishery in August and October 2000 (Table 1 ). The number of categories increased from 13 to 14 (Table 3 Table 5 ). Density of starfishes, bryozoans/ hydrozoans and hermit crabs significantly increased, while that of skates, hake, haddock, eel pout, 'other fish' and crabs decreased (Figs. 5 & 8, Table 5 ). The similarity index for all categories was high at 91.4% (Table 3) . The sediment composition differed significantly (χ 2 = 37.7, df = 3, p = < 0.001, power 0.050:1.000). Sand/shell debris dominated the substrate but decreased from 86.6 to 74.6%, while the granule/pebble substrate doubled from 10.2 to 21.6% (Fig. 7) . Cobble also doubled from 1.6 to 2.7%. The sediment composition percent similarity index was 87.4%. Table 5 ). Starfishes, hake and 'other fish' also significantly increased (Figs. 5 & 8, Table 5 ). The similarity index for all categories was the highest observed at 93.2% (Table 3) .
The sediment composition differed significantly (χ 2 = 17.7, df = 3, p = < 0.001, power 0.050:1.000). However, sand/shell debris and granule/pebble cover were similar between years (Fig. 7) . Cobble decreased to 1.0% and boulder substrate increased to 4.2%. The sediment composition percent similarity index between years was very high at 97.0%. Table 4 ). The similarity index for all categories was very high at 96.9% (Table 6 ).
Expt II
The sediment composition differed significantly (χ 2 = 16.5, df = 2, p = < 0.001, power 0.050:0.972). Granule/ pebble substrate doubled from 25.0 to 49.5%, cobble decreased from 10.9 to 1.6% and sand/shell debris decreased from 61.5 to 47.8% (Fig. 11) . The sediment composition percent similarity index was 75.5%. difference in densities was not quite significant, since p = 0.06 rather than 0.05 (Table 4) . Byrozoans/hydrozoans significantly increased and all other categories remained the same (Figs. 9 & 10, Table 4 ). The similarity index for all categories was very high at 90.9% (Table 6 ). The sediment composition was similar between the 2 surveys (χ 2 = 2.30, df = 2, p = 0.316, power 0.050:0.243). Sand/shell debris dominated at 88.6 and 79.3% for 2000 and 2001, respectively. The sediment composition percent similarity index was 87.5% (Fig. 11) .
Temporal variations
The same stations in both areas were observed in 1999, enabling us to compare temporal shifts in taxonomic categories and sediments with no fishing disturbance. In the control area, 7 fish and macroinvertebrate categories were observed in 1999 and 2000 (Table 6 ). The sea scallop and starfishes comprised 86.3 and 93.0% of all individuals. Density of bryozoans/hydrozoans and starfishes significantly increased, while that of hake significantly decreased (Figs. 9 & 12, Table 5 ). The other categories remained similar (Figs. 9 & 12, Table 5 ). The similarity index for all categories was 86.5% (Table 6 ).
The sediment composition differed significantly (χ 2 = 11.7, df = 2, p = 0.003, power 0.050:0.886). Granule/pebble substrate decreased from 40.6 to 25.0%, while sand/shell debris increased from 45.0 to 61.5% (Fig. 11) . The sediment composition percent similarity index was 80.9%.
Before vs. before: impact area (July 1999 vs. August 2000 In the impact area, 8 fish and macroinvertebrate categories were observed in both 1999 and 2000 (Table 6 ). 'Other fish' significantly increased in numbers, while hake significantly decreased and all other categories remained the same (Figs. 9 & 12, Table 5 ). The similarity index for all categories was very high at 86.8%.
The sediment composition differed significantly (χ 2 = 20.5, df = 2, p = < 0.001, power 0.050:0.993). Sand/shell debris was the dominant substrate at 82.5 and 88.6%, while granule/pebble decreased from 15.7 to 6.9% for 1999 and 2001, respectively (Fig. 11) . The sediment composition percent similarity index was 91.2%.
DISCUSSION
Changes in the number of fish and macroinvertebrate categories and the density of individuals within each category in the areas impacted by the limited short-term sea scallop fishery were similar to changes in the control areas that remained closed to fishing. Further, sediment composition shifted between surveys more than epibenthic faunal composition.
In the control and impact areas of Expt I the number of taxonomic categories increased from before to after the limited fishery. The sea scallop and starfishes comprised over 87% of all fish and macroinvertebrate categories. The numbers of individuals within many of the categories did not change significantly. Sea scallops and bryozoans/hydrozoans increased in both areas. Only sponges increased in the control area and decreased in the impact area. The similarity index suggested that shifts in the numbers of categories and the density of each category were similar. However, the sediment composition in both the control and impact areas shifted significantly. The largest shift in both sediment composition and taxonomic category occurred in the impact area between 1999 and 2000 before the limited fishery.
In the control and impact areas of Expt II the number of taxonomic categories remained the same before and after the limited fishery. The numbers of individuals within categories were similar, except for bryozoans/ hydrozoans, which increased significantly in the impact area. The similarity index for all categories suggested a greater variation in the impact area than in the control area, but both indices indicated a high degree of similarity before and after the limited fishery. The sediment composition shifted significantly in the control area but not in the impact area. As the sediment composition varied more than the benthic community structure, it appears that the epibenthic community associated with sea scallop aggregations is adapted to living in a dynamic environment. Sea scallops are strongly associated with sand/granule/pebble substrate, which in turn is associated with areas of high tidal energy (Thouzeau et al. 1991 , Stokesbury 2002 . Tidally induced bottom currents and storm events can be strong in all our study locations, reaching speeds above 30 cm s -1 (Brown & Moody 1987 , Butman 1987a ,b, Butman & Beardsley 1987 . Animals such as sea scallops have adapted to this unstable environment, for example, juveniles can attach to pebbles or larger particles using byssal threads, allowing them to remain stationary. The adult sea scallop's ability to swim, form depressions in sand/granule/pebble substrates and orient itself to avoid sediments entering the pallial gap reduces the effects of these currents, allowing it to persist in dynamic areas (Baird 1954 , Caddy 1968 , Dadswell & Weihs 1990 , Cheng & Demont 1996 , Stokesbury & Himmelman 1996 , Stokesbury 2002 , Stokesbury et al. 2004 . Further, the sea scallop shell appears to be the most stable surface in sand/granule/pebble sediments and provides a structure to which sessile epifauna attach; for example, 49 species were identified on scallop shells in the Bay of Fundy (Kenchington 2000) . Sediment communities are continually exposed to natural disturbance at various scales (Hall 1994 , Jennings & Kaiser 1998 ). Veale et al. (2000) found that natural disturbances in sediment communities were sufficient to maintain low fishing-effort areas at an intermediate level of total disturbance, so that species diversity decreased only with increasing fishing effort. Sand habitats on Georges Bank exposed to natural disturbances may recover from fishing gear impact in a relatively short period of time: less than 1 yr (Lindholm et al. 2004 ).
The first controlled experiments (BACI) to assess the impact of scallop dredging on a commercial spatial scale were performed in Australia using a 'Peninsula' dredge (fitted with scraper and cutter bars that did not extend below the level of the skids) (Currie & Parry 1996 . In the 1996 study, a 20 to 30% decrease in the abundance of most species was detected after fishing, but the impact was undetectable 6 mo later after recruitment for most species. In the 1999 study conducted on soft substrates, changes in the benthic community were small and damage to bycatch species was slight.
Our findings differ from several studies that suggest that sea scallop harvesting severely impacted the sea floor. Some studies examined the environmental impacts of the New Bedford scallop dredge by comparing heavily fished areas to areas that were never fished (Collie et al. 1997 , Collie & Escanero 2000 . These studies may have compared different benthic communities, as the sea scallop is strongly associated with sand/granule/pebble substrates, and is the dominant macroinvertebrate in these substrates on Georges Bank but was rare at the control sites in the studies of Collie et al. (1997) and Collie & Escanero (2000) , as indicated by the low fishing effort. Several studies examined the impact of the dredge on the sea floor immediately after the dredge had passed (Caddy 1968 (Caddy , 1971 (Caddy , 1973 . However, it is very difficult to expand the effects of a single pass of a dredge to the entire fishery as the fishery is not spatially or temporally uniform and covers a range of environmental conditions.
Many fishing impact studies have used smaller sample sizes and examined disturbances on a smaller spatial scale than our study. Collie & Escanero (2000) used a total sample area of 17.3 m 2 (64, 0.27 m 2 still photographs) to survey 5 sites, comparing fished, unfished, shallow and deep habitats (250 km 2 total survey area) on Georges Bank. Lindholm et al. (2004) used a total sample area of 12.5 m 2 (32, 0.39 m 2 still photographs) to determine the abundance of common microhabitats inside and outside CA II on Georges Bank in 1999; the sea scallop was only rarely detected in the closed area with their sampling design, although it is the dominant macroinvertebrate (Stokesbury et al. 2004 ) in this area, suggesting their analyses focused on a fine scale. Our sample size and number (12.9 m 2 per station, 1379 stations, 17 789 m 2 total sample area, 1118 km 2 survey area) had a higher sampling frequency based on a target precision of 5 to 15%, and provided a high statistical power for the most abundant macroinvertebrates. However, the statistical power declined for the less common species, a problem in many marine environmental studies , Jennings & Kaiser 1998 .
Many studies examining the effects of scallop harvesting on the marine habitat have been conducted in Europe and Australia, where toothed dredges are used to collect the slightly buried scallops (Chapman et al. 1977 , Kaiser et al. 1996 , Jennings & Kaiser 1998 , Hill et al. 1999 , Hall-Spencer & Moore 2000 , Veale et al. 2000 , Jenkins et al. 2001 , Bradshaw et al. 2002 . The New Bedford offshore sea scallop dredge rides on 2 shoes and skims over the sea floor, flipping the sea scallops with the sweep chains into the chained bag, and may have less impact on the sea floor than a toothed dredge (Bourne 1964 , Caddy 1989 .
Previous studies have relied primarily on fishermen's log books to determine fishing effort and, in most cases, this was difficult to quantify (Collie et al. 1997 , Collie & Escanero 2000 , Veale et al. 2000 . The requirement that scallop fishing vessels in the United States possess a 'Vessel Monitoring System' which transmits the vessel's geographic position every 30 min has provided highly accurate fishing effort data . These data allowed us to verify, with a level of confidence previously unattainable, that our control areas were undisturbed and that we had captured the impact of the fishery in our impact areas.
The epibenthic community of the closed areas of Georges Bank did not appear to be detrimentally effected by the limited sea scallop fishery in 2000. Shifts in taxonomic categories and individuals within categories within the areas where the fishery was executed were similar to those in the unfished control areas. Further, the sea floor sediment composition shifted more than the epibenthic community it supported. Therefore, our study suggests that a limited short-term sea scallop fishery alters the epibenthic community less than the natural dynamic environmental conditions of Georges Bank.
